The amphilic antioxidant, such as acyl ascorbate, would be expected to be a useful food additive. In this study, the antioxidative action of acyl ascorbate was examined, because knowledge of its behavior in aqueous solution is required for its effective use for food. First, the degradation kinetics of ( )-catechin in aqueous solution at various pHs and temperatures were empirically expressed by the Weibull equation. The rate constant, k, was the lower at the lower pH and temperature. The temperature-dependency of the k value was analyzed on the basis of the Arrhenius equation, and it was indicated that the enthalpy-entropy compensation held during the degradation. Second, octanoyl L-ascorbate was synthesized by the condensation of L-ascorbic and octanoic acids in acetone using immobilized lipase from Candida antarctica, and the degradation kinetics of catechin in aqueous solution in the presence of octanoyl ascorbate was examined. The dependency of the k value in the catechin solution with octanoyl ascorbate on the concentration of the ascorbate was obviously dif ferent from that with ascorbic acid. That is, the degradation was suppressed at low octanoyl ascorbate concentrations, while proceeded fast at a high concentration, suggesting the formation of the micelle for octanoyl ascorbate at high concentrations.
Introduction
L-Ascorbic acid is a water-soluble vitamin known as vitamin C, and widely used as an additive in foods and cosmetics due to its strong reducing ability. The lipasecatalyzed synthesis of 6-O-acyl ascorbate through the condensation of ascorbic acid and fatty acid in an organic solvent has been reported [1, 2] . The enzymatic synthesis of the acyl ascorbates would be more advantageous than a chemical method due to the simplicity of its reaction process and its high regioselectivity. Acyl ascorbate is an amphilic antioxidant, as it consists of ascorbic acid and a fatty acid as the hydrophilic antioxidant and lipophilic group, respectively. It has been reported that the ascorbates, such as 6-O-palmitoyl ascorbate, have an antitumor activity and metastasis-inhibitor y ef fects [3, 4] .
Therefore, acyl ascorbate would be expected to be a useful food additive. We have also synthesized acyl ascorbates using an immobilized lipase in a batch or continuous reactor [5, 6] , evaluated their surfactant properties [7] and their antioxidative ability against linoleic acid [8] , and used them for the microencapsulation of lipids [9] .
However, there has been no report about the antioxidative property of acyl ascorbate against a water-soluble and unstable compound in aqueous solution, though knowledge of its behavior in aqueous solution is required for its effective use.
Catechins are recognized as constituents of green tea with an antioxidative activity [10] and suppressive ability against adipocyte differentiation [11] . Most tea drinks containing catechins are low acid beverages, and kept warm in the vending system during the cold season.
Furthermore, heat processing at high temperature is required to sterilize the spores of thermophilic anaerobes. Thus, the stability of tea catechins in aqueous solution has been investigated under various conditions by many researchers [12, 13] , and the degradation is kinetically examined using first-order kinetics [14, 15] . 
Degradation of catechin under various conditions
where V aq and V org are the volumes in the water and organic phase, respectively, and C org is the concentration of catechin in the organic phase at the partition equilibrium. Equation (1) is converted to Eqn. (2), and C org is calculated from the measured C aq .
The par tition coef ficient, P, of catechin between methyl octanoate and water is defined as Eqn. (3).
The measurement of the partition coefficient was done in duplicates, and the mean value was calculated. can be use to describe many deterioration kinetics [16] :
where k is the rate constant, the reverse of which is called the scale parameter, and n is the shape constant.
The kinetic parameters, k and n, were evaluated by fit- Figure 3 shows the degradation processes of catechin at 37, 50, 60 and 70 and pH 5.0, 6.0, 6.5, 7.0 and 7.5.
Effects of pH and temperature on the degradation of catechin
The degradation of catechin proceeded fast at high temperature and pH in the aqueous solution. These trends were same as the previous reports [12, 14] . Each degradation process was fully expressed by the Weibull model. and n values for the degradation of catechin at various pHs. The k value was higher at the higher temperatures.
The Weibull model has characteristics of a sigmoidal pattern that can be described when n > 1, that the model expresses the simple first-order kinetics at n 1, and that C/C 0 steeply decreases during the early stage when n < 1. All the n values at tested pHs were smaller than unity. There was no remarkable tendency for the n value at every pH, but the n value seemed to decrease with increasing temperature.
The temperature dependence of the rate constant k was analyzed based on the Arrhenius equation:
where k 0 is the frequency factor, E is the apparent activation energy, R is the gas constant, and T is the absolute temperature. The Arrhenius plots in Fig. 4 (a) produced a straight line to evaluate the E and k 0 values from the slope and the intercept of the line, respectively. It would be expected that the enthalpy-entropy compensation held during the decomposition. Equation 6 is one of the expressions describing the compensation [17] [18] [19] .
where T is an isokinetic temperature and is a con- 3. The solid curves were empirically drawn.
Comparison between ascorbic acid and octanoyl ascorbate for the catechin degradation in aqueous solution
Chen et al. reported that ascorbic acid stabilized green tea catechins [12] . On the other hand, the stability of catechin with octanoyl ascorbate at concentrations less than 0.01 mmol/L was higher than that without the ascorbate, and that at concentrations greater than 0.1 mmol/L was lower. The dependency of the estimated k value on the concentration of ascorbic acid or octanoyl ascorbate is shown in [7] . The partition of catechin from water to methyl octanoate, which was assumed to be the micelle phase formed by the octanoyl moiety of the ascorbate, was measured at 37 . The inset in Fig. 7 shows the relationship between the partition coefficient, P, and the initial concentration of catechin in the water phase. The P value was higher at the higher catechin concentrations, though it was not more than 0.1 at 100 mmol/L. As the P value was very low, the partition of catechin to the micelle would not result in the apparent catechin decrease. h. Figure 9 shows the relationship between the remaining fractions with and without the octanoyl ascorbate at 50, 60 and 70 . Regardless of temperature, the plots were linear in Fig. 9 (R 2 0.900), indicating that the antioxidative action of octanoyl ascorbate on catechin in an aqueous solution was independent of temperature.
Conclusion
It was kinetically indicated using the Weibull model that the stability of catechin in aqueous solution depended on the concentration, pH and temperature.
Hold of the enthalpy-entropy compensation during the degradation of catechin suggested that each degradation at tested pHs essentially proceeded by the same mecha- 
